medium by the removal of impurities, followed by the addition of the essential elements in the proper proportions.
An aluminum hydroxide coprecipitation method was employed for glucose purification. To a 500-ml solution containing 140 g glucose (reducing sugar), 1.25 g of A12(S04)3. 18H20 were added. The pH of the solution was adjusted to 9 with dilute ammonium hydroxide and the resulting precipitate filtered off. To the filtrate another 1.25-g portion of A12(SO4)3 18H20 was added, the pH adjusted to 7, and the precipitate again filtered off. Analysis of the ash of the filtrate showed less than 50 ,g iron, 10 ,ug copper, 10 ,g zinc, and 1 ,ug manganese ions per 140 g glucose. A basal medium was prepared from this purified glucose solution. Sufficient NH4NO3 was added to bring the total N content to 0.87 g per liter. Little growth and poor acid yield were obtained by fermenting such a medium even with the addition of 0.3 mg iron per liter. figure 1 ) may be considered as the quantity of A12(S0O4)3. 18H20 needed for sufficient purification. Essential nature of zinc. It is well known that zinc and iron ions are stimulatory to the growth of A. niger (Steinberg, 1919) . Iron was found to be necessary for maximum citric acid production, its optimum level varying with the strain of the organism (Perlman, Dorrell, and Johnson, 1946) . Regarding the requirement of zinc ion for citric acid production in surface culture, there are many contradictory papers. Perlman, Dorrell, and Johnson (1946) found that the addition of zinc to a highly purified sucrose medium caused a reduction in citric acid yield; Chrzaszcz and Peyros (1935) found no stimulation of acid production when zinc ion was added to the fermentation medium, and Currie (1917) believed that zinc was not essential. On the other hand, Bernhauer (1926) , Molliard (1929) , Butkewitsch (1923) , Porges (1932) , Perquin (1938) , and But-kewitsch and Timofeewa (1935) considered that the addition of zinc salts to the fermentation medium was stimulatory to citric acid production.
Zinc was found to be essential for citric acid production in the present investigation. Data on the effect of zinc concentration are presented elsewhere in this CITRIC ACID YIELD G PER 100 G ADDED SUGAR MYCELIAL WEIGHT G PER 100 ML ALUMINUM SULFATE CONC.,G PER UTER Figure 1 . Minimum concentration of aluminum sulfate for cerelose purification. Added aluminum sulfate is expressed as grams of A12(S04)s. 18H20 per liter of 14 per cent cerelose.
Yields are for 7 days' fermentation. Citric acid is not a normal end product of glucose oxidation by A. niger. There are strong indications that only in deficient media does citric acid accumulate. An obvious hypothesis is that citric acid accumulates only when certain components of the mold's respiratory enzyme system are present or absent in insufficient amounts. Thus, a medium deficient in the inorganic constituents required for the synthesis or functioning of certain enzymes involved in the normal metabolic pathway (or enzymes involved in citric acid oxidation) might stimulate the accumulation of citric acid. Since earlier work (Shu and Johnson, 1948) had shown that the concentrations of some of the constituents of the medium were critical for citric acid production, a systematic investigation of all known essential constituents seemed desirable. After preliminary experiments to establish the proper levels of various constit- uents, the mediiim of table 3 was adopted as containing all essential components in excess. This medium gave good growth but very poor citric acid production.
The concentrations of each of the constituents of this medium were varied in tum, the concentrations of the invariant constituents being held at the levels of table 3. All fermentations were incubated 9 days. When ammonium nitrate was varied, KOH was substituted for NH40H in the glucose purification procedure. When KH2PO4 was varied, KCl was added to hold the potassium content of the medium constant. In the experimnent in which iron was varied, zinc was held at 1.2 mg per liter. The results obtained are summarized in figure 2.
It will be seen that two of the constituents, ammoniuim nitrate and magnesium sulfate (figure 2A, B) had no specific effect on citric acid production. Increasing concentrations of these components caused only a gradual increase in mycelial weight and in the rate of sugar utilization. No large accumulation of citric acid occurred. In the case of the other three components, zinc (C), iron (D), and phosphate (E), another type of behavior was observed. accumulates, perhaps because of the disturbed functioning of the normal respiratory system. The yields of citric acid obtainable increase if two of these components (iron and zinc) are both present in limiting concentrations. As may be seen ( figure  2F) , however, the amount of iron giving optimal citric acid yields depends on the 1948] figure  2E , in which these constituents were present in excess, and in which good yields could be obtained only in the presence of low phosphate concentrations.
In order to investigate this point, experiments were carried out in which preformed mycelium was used. As in the experiments of the workers referred to above, oxygen rather than air was used as the gas phase in the fermentation flasks. The experimental procedure was the following: The mold mycelium was prepared on 800 ml of Sziics (1944) growth medium containing 0.24 mg zinc and 1.0 mg iron ions per liter. The growth of the mold was carried out on a rotary shaker (320 rpm), in the same way as for the regular fermentation (Shu and Johnson, 1948) . After 3 days' growth, the mycelium was collected and washed 5 times with 200-ml portions of sterile distilled water. The washed mycelium was then resuspended in 800 ml Szflcs (1944) fermentation medium prepared from purified cerelose. The suspension thus prepared contained about 0.2 g of mycelium per 100 ml. In 50-ml portions this suspension was transferred to previously sterilized 500-ml Erlenmeyer flasks containing various amounts of KH2PO4, zinc, and iron. The fermentations were carried out in an oxygen atmosphere, on a reciprocating shaker. The shaker was run at 94 strokes per minute with a stroke length of 4 inches. The oxygen atmosphere was obtained by passing oxygen (1.5 liters per hour), sterilized by passage through a cotton filter, through the flasks, connected in series.
After 7 days' fermentation, citric acid and mycelium weight were determined on duplicate flasks. The experimental results summarized in table 4 indicate that the presence of the phosphate in the mediuim was desirable for citric acid production, and that simultaneous presence of the phosphate and zinc ions in the medium was even more advantageous.
As may be seen from the data in table 5, when.the preformed mycelium was washed only once with 200 ml distilled water, a considerable amount of the acid (50 per cent) was obtained without the addition of phosphate to the medium. phosphate medium yielded a larger amount of citric acid than the phosphate-rich medium. The maximum citric acid yield (66 per cent) was again obtained from the medium containing high concentrations of phosphate and zinc ions. The data obtained thus indicate that low phosphate concentrations are essential for good yields only when iron and zinc are present in excess. In these experiments, as in the experiments of figure 2, optimal yields were obtained when iron, rather than phosphate, was made limiting. It was thought possible that in a low phosphate medium, manganese, like iron and zinc, might be less inhibitory to citric acid formation than in the regular medium. The fermentations, in replacement medium, were conducted in the manner described above except that the growth medium used in this experiment was the regular high phosphate fermentation mediulm, and the replacement medium contained 0.24 mg zinc and 1.0 mg iron per liter. Various levels of manganese ions were added aseptically to fl containing replacement medium in which 3-day-old preformed mycelium was suspended. The fermentation was [VOL. 56 done in an oxygen atmosphere on the reciprocating shaker. In another series of flasks, regular fermentations were made in high phosphate medium on the rotary shaker. After 3 days' shaking, various levels of manganese ion were added aseptically to these flasks. These flasks were then similarly shaken on the reciprocating shaker in oxygen atmosphere. After 7 days' incubation, titratable acid was determined on both series of flasks. The results are shown in figure 3 . It may be seen that the inhibitory effect of manganese ion was less pronounced for the fermentation in low phosphate replacement medium than for that in high phosphate medium. For example, at a manganese level of 6 ,ug per liter the yield was increased 3-fold in the absence of phosphate. 
SUMMARY
An aluiminum hydroxide coprecipitation method was shown to be satisfactory in the purification of commercial glucose for submerged citric acid fermentation.
After treatment by this method and the addition of 0.3 mg zinc and 1.3 mg iron ions per liter of medium, commercial glucose gave a citric acid yield of 67 g per 100 g of added glucose on a 14 per cent sugar solution. The fermentation required 9 days.
Among the 5 essential constituents of the fermentation medium (NH4NOs, MgS04-7H20, KH2PO4, zinc, and iron), KH2PO4, zinc, and iron affected the yield of citric acid by some means other than their effect on growth. Their optimum concentrations for maximum acid production are interdependent.
In the fermentation of a phosphate-free replacement medium with preformed myceliujm, the addition of KH2P04 and zinc favored the production of citric acid.
However, the reduction of citric acid yield by the presence of manganese ions, and by high concentrations of iron and zinc ions, was less pronounced in a phos phate-free medium. 
